An optical system has been developed for measuring the thickness and width of polyethylene sheet and the size of a rib on the sheet surface, in real time. The system is simple and consists of a sensor head including laser and silicon photodiode, a scanning system for the polyethylene sheet, and a data processing system. The precision of the measurement is about 1/100 mm and the time required for the measurement is about 120 seconds.
Introduction
Polyethylene sheet has been widely used in industry. For example, it has been used in a battery as an impregnation material for sulfuric acid. For such applications, ribs are usually constructed on the sheet surface to control the amount of sulfuric acid; the amount of electricity generated and the life time of the battery are determined by the size of the rib. The size of each rib, i.e., width and height, and the separation between ribs have been measured by microscopic observation in off-line. It is very laborious and time-consuming process.
Recently sensors were introduced to this problem.*,**,*** They are costly, however, and difficult to use in a manufacturing plant in real time; they can only measure a surface contour of the sample in off-line.
In this paper, we propose an optical method and present a measuring system for the size of rib, the separation between each rib, and the thickness of the polyethylene sheet.
2. Method and System Figure 1 shows a photograph of polyethylene sheet used in a battery, and Fig.2 shows a cross-sectional scheme of it. The sheet size is usually about 12 cm in width, about 20 cm in length, and few tenths mm in thickness; ribs have been constructed on it. Each rib size is a few tenths mm in width and a few tenths mm in height, and the separation of it is about 10 mm. The purpose of this study is to measure the following parameters concerning the polyethylene sheet; (i) the whole width W, (ii) the thickness t, (iii) the rib separation S, (iv) the rib width w, and (v) the rib height h (see Fig.2 ). shows a photograph of the equipment made for the experiment.
The laser light intensity received on the silicon photodiode was amplified to a level acceptable for A/D input, in this case 5 V, and was digitized by a 12-bit A/D converter, i.e., 1-4096 steps.
The digitized intensity was then used for the calculation of rib size, separation between ribs, and thickness of the polyethylene sheet.
A control signal for driving the stepping motor was about 100
Hz with a rectangular wave and was synchronized with the received laser signal to measure the widths of the rib and polyethylene sheet, and the separation between ribs. One cycle of the rectangular wave drives the motor 1/100 mm and then the posi- 
Transmitted light intensity across the sheet surface.
In this figure, the top and bottom are inverted to give a thickness directly. Secondly, the latter method involved an error due to the large change of the base thickness; it was indistinguishable between ribs and base, in other words, threshold level can not be determined. However, the former method has no error due to such change. Finally, the width obtained by microscopic observation agreed better to the one by the former method than that by the latter method; the width obtained by the latter method was about 10 % smaller than that by microscopic observation. Thus the former method was used in this experiment.
The thickness of the polyethylene sheet, t, and the height of the rib, h, can be determined by the amount of the intensity decrease. Thus, all the information on the sheet can be obtained automatically within 120 seconds. Table 1 shows these values obtained from Fig.7 . Each symbol of s1, s2, h1, h2, w1 and w2 is expressed with suffix number k, 1, m and n which correspond to each dimension from left to right as shown in Fig.2 .
Conclusion
An optical system has been developed for measuring the thickness and width of polyethylene sheet and the size of a rib on the surface, in real time. The system consists of a sensor head including laser and silicon photo diode, a scanning system of the laser head, and a data processing system. The precision of the measurement is about 1/100 mm and the time required for the measurement is about 120 seconds. The system has already been placed in operation in a manufacturing plant.
